The convenient synthesis of a focused library (forty molecules) of novel 6,6,5-tricyclic thiazolo [5,4-f] 
Introduction
Protein kinases catalyze protein phosphorylation, a key cellular regulatory mechanism, which is frequently dysregulated in human diseases. These enzymes are involved in all major diseases, including cancer, neurodegenerative disorders and cardiovascular diseases [1] [2] [3] . Consequently, protein kinases represent interesting targets for the pharmaceutical industry in its search for new therapeutic agents. Most kinases act on both serine and threonine, others act on tyrosine, and a number (dual-specificity kinases) act on all three. Our research groups are invested in the synthesis of polyaromatic heterocyclic molecules able to modulate the activity of kinases in signal transduction, and especially Ser/Thr kinases (CDK5, GSK3, CLK1 and CK1) and dual-specificity kinases (DYRK1A) [4] [5] [6] [7] [8] , selected for their strong implication in various human pathologies, especially in AD [3] .
In the course of our work, the multistep synthesis of a novel 9-(aryl)-N-(2-alkyl)thiazolo [5, 4 f]quinazoline library (A in Scheme 1) was recently described [9] . These compounds were designed as 6,6,5-tricyclic homologs of the basic 4-aminoquinazoline pharmacophore, which is present in approximately 80% of ATP-competitive kinase inhibitors that have received approval for the treatment of cancer [10] . Brief studies of their structure-activity relationships as kinase inhibitors were realized. Among the compounds tested, the most promising series (B) showed submicromolar activities against DYRK1A (0.04 μM < IC50 < 0.70 μM) and GSK3α/β kinases (0.16 μM < IC50 < 0.77 μM) with a marked preference for the first one [9] . Within this series, the DYRK1A IC50 values obtained for the three lead compounds (series C in Scheme 1: 7a, 7b and 8f in this paper) were in the low nanomolar range (40 nM, 47 nM and 50 nM). This demonstrates that small sized groups linked to the thiazole moiety of the molecule were able to induce a strong enhancement of the inhibitory activity against DYRK1A. Interestingly, the three lead compounds possess a methylcarbimidate function in position 2 of the thiazole ring, associated with an N-aryl substituent on position 9 of the thiazolo [5,4-f] quinazoline scaffold (see compounds of the C series in Scheme 1).
The overall potential therapeutic interest of these compounds encouraged us to extend this series of thiazolo [5,4-f] quinazolines by substituting the position 4 of the pyrimidine ring with various aromatic amines and by introducing a methyl carbimidate group in position 2 of the thiazole moiety.
This paper describes the convenient preparation of a new methyl 9-(arylamino)thiazolo [5,4-f] quinazoline-2-carbimidate derivative library for which highly potent DYRK1A/1B kinase inhibitory activities are observed. The main part of the chemistry described was achieved under microwave irradiation as a continuation of our global strategy, which consists of designing adapted reactants and techniques offering operational, economic, and environmental benefits over conventional methods [11] [12] [13] [14] [15] . Scheme 1. Structures of previous molecules (see part 1 [9] ), which inspired the current work.
Results and Discussion

Synthesis
The target molecules we studied were thiazolo [5,4-f] quinazolines substituted in position 4 of the pyrimidine ring (which corresponds to position 9 of the tricyclic compound) by an aromatic amine. In order to have an efficient route to these various 9-anilinothiazolo [5,4-f] quinazolines, a rational multistep synthesis of a novel polyfunctionalized benzothiazole (see 1 in Scheme 2) has been performed [9] . This novel route was based on our previous Structure-Activity Relationship (SAR) studies conducted on the synthesis of such ring systems [12] [13] [14] . This molecular system was conceived to be an efficient precursor to various target molecules. On one side of compound 1 the presence of the versatile carbonitrile function in position 2 of the thiazole ring may allow easy access to a methylcarbimidate function. On the other side, the 2-aminobenzonitrile moiety offers a large panel of possibilities for extension of the aromatic structure by a heterocyclic core, such as pyrimidine (Scheme 2).
Scheme 2. Envisioned transformations of 1 for synthesis of novel compounds of series C.
The synthesis of the key intermediate 1 was realized in six steps (overall yield of 23%) according to the described procedure [9] depicted in Scheme 3. Thus, 2 N-protection of 2-aminobenzonitrile provided tert-butyl (2-cyano-4-nitrophenyl)carbamate, which was reduced by treatment with ammonium formate in the presence of a catalytic amount of 10% palladium charcoal. The resulting aromatic amine was selectively and quantitatively brominated in position 6 and the resulting ortho-bromo aniline was reacted with Appel salt (4,5- The synthesis of the target molecules was continued by treatment of 1 with DMF/DMA under microwave irradiation at 70 °C to give (E)-N'-(2,7-dicyanobenzo[d]thiazol-6-yl)-N,Ndimethylformimidamide (2) in good yield (86%). At this stage of the synthesis, transformation of the carbonitrile group into methylcarbimidate was realized by microwave-assisted heating of 2 with sodium hydroxide (2.5 N in water) in methanol. Then, following a parallel chemistry strategy, the resulting product 3 was expected to serve as precursor for all the target molecules (e.g., 7a-l, 8a-l and 9a-i in Scheme 4). Reagents and conditions: (a) DMF/DMA, DMF, 70 °C (μw), 2 min, 86%; (b) aniline (1.5 equiv.), AcOH, 118 °C (μw), for time and yields see Table 1 ; (c) NaOMe (0.5 M in MeOH), MeOH, 65 °C (μw), 30 min, for yields see Table 1 . According to our previous experience, we envision to build the final molecule upon cyclization of the cyano pyridine 2 using a microwave-assisted thermal-sensitive Dimroth rearrangement [6] in which a nucleophilic attack of intermediate amidines by various aromatic amines would give the tricyclic products. Unfortunately, despite multiple attempts using several anilines and conditions, only degradation products were observed. This drawback incited us to envision the synthesis via a preliminary formation of the pyrimidine moiety before introducing the carbonitrile function. Although this route cannot be considered as the most efficient in terms of atoms involved and intermediates produced, it had the advantage of allowing the synthesis of the requested product-library. Then, cyclization of formimidamide 2 into thiazolo[5,4-f]quinazoline-2-carbonitriles 4a-l, 5a-l and 6a-i was accomplished via thermal Dimroth rearrangement using 1.5 equivalents of the appropriate aniline in acetic acid under microwave irradiation at 118 °C for short periods of time. All the resulting compounds 4a-l, 5a-l and 6a-i were obtained in good yields (see Table 1 ). The targeted methylcarbimidates 7a-l, 8a-l and 9a-i were obtained in good to excellent yields (Scheme 4) after 30 min of microwave-assisted heating of compounds 4a-l, 5a-l and 6a-i with a solution of sodium methoxide in methanol.
The presence of a secondary nitrogen atom in position 9 of the final skeleton may play an important role in the affinity shown by these compounds against DYRK1A. In order to confirm this hypothesis, and to understand the potential role of this amino group, the synthesis of 9 N-methylated derivatives was undertaken. Three derivatives (7a, 7c and 7e) were chosen for their interesting IC50 values against DYK1A (Scheme 5).
Scheme 5. Synthesis of 9
N-methylated derivatives of 7a, 7c and 7e.
Reagents and conditions: (a) ICH 3 , NaH, DMF, 0 °C then r.t., 2 h, 60% (10a); 74% (10b); 30% (10c); (b) NaOMe (0.5 M in MeOH), MeOH, 65 °C (μw), 30 min, 93% (11a); 73% (11b); 66% (11c).
First attempts consisting of direct N-methylation of compounds 7a, 7c and 7e have not yielded to the desired products 11a, 11b and 11c but generated various degradation products that were not isolated from the reaction medium. As an alternative, N-Methylation of the starting derivatives 4a, 4c and 4e was succesfully realized by treatment with methyliodide and sodium hydride in DMF at room temperature. Compounds 10a, 10b and 10c were then obtained from 4a, 4e and 4c in 60, 74 and 30% yields, respectively. Transformation of their carbonitrile function in position 2 of the thiazole was performed in usual conditions to give the methyl carbimidate derivatives 11a, 11b and 11c in good yields (66%-93%) (Scheme 5).
In our previous work, the tricyclic derivatives 7b was considered as one of the most active against DYRK1A (IC50 = 47 nM). The optimal size of the imidamide alkyl substituent seemed to be limited to one or two carbons. In order to define the real impact of this alkyl group in the activity of the molecule, a study consisting to extend its size was envisioned. Synthesis of a small library of various derivatives of 4b was realized by heating this carbonitrile with various sodium alcoholates (ethylate, isopropylate and benzylate) in their corresponding alcohol (ethanol, isopropanol and benzylalcohol). Ethyl, isopropyl and benzyl carbimidates 12a, 12b and 12c were obtained in convenient yields (79%, 27% and 28%, respectively) (Scheme 6). The parent compound 4b was also transformed into its corresponding methyl ester 13 by treatment with a mixture of MeOH/H2O-TFA (0.1%) (6-4; v/v) at room temperature for 12 h and was obtained in excellent yield (94%) (Scheme 6).
Note that microwave heating was mainly performed at atmospheric pressure in a controlled multimode cavity with a microwave power delivery system ranging from 0 to 1200 W. Concerning the technical aspect, the choice of a reactor able to work at atmospheric pressure was guided by our previous experience in microwave-assisted heterocyclic synthesis, especially in the chemistry of quinazolines [6] [7] [8] [9] . Open vessel microwave experiments have some advantages, such as the possibility of easier scale-up and the possibility to use current laboratory glassware. Our choice was also guided by a recent work describing the tendency of pressure to accumulate when a product as DMF/DMA was heated into pressurized vials, especially under microwaves [16] . In the main part of reactions studied, 600-800 W irradiation was enough to efficiently reach the programmed temperature. This parameter was mainly monitored via a contactless-infrared pyrometer, which was calibrated in control experiments with a fiber-optic contact thermometer. 
Biological Studies
DYRK1A kinase is a novel, high-potential therapeutic target for pharmacological interventions seeking to modify the course of AD [17] [18] [19] . The interest of our screening efforts was to discover new scaffolds able to inhibit efficiently DYRK1A. Before profiling our compound on a large kinase panel, we focussed our attention on DYRK1A and DYRK1B. This choice may be explained by the fact that the two amino acid sequences are 84% identical in the N-terminus and the catalytic domain [20] .
The DYRK1A and DYRK1B kinase assays to determine IC50 values were performed by Reaction Biology Corporation using HotSpot technology (for a brief description see experimental section). Results are reported in Table 2 .
Harmine [21, 22] , TG003 (O-methylated derivative of INDY) [23] , NCGC-00189310 [24] and leucettine L41 [25, 26] were also tested as reference DYRK1A and DYRK1B inhibitors (Scheme 7). These molecules, considered as reference tool compounds, were commercially available (harmine, TG003) or synthesized (NCGC-00189310, leucettine L41) to probe the activity at DYRK1A [20] . Their IC50 values were compared with those obtained for the compounds under study (see Table 2 ). Table 2 demonstrated that the thiazolo [5,4-f] quinazoline derivatives of series 8 showed highly potent inhibitory activity against DYRK1A and DYRK1B.
On a general aspect, compounds of series 7, 9, 11 and 12 were less active against DYRK1A when compared to series 8, with the exception of some compounds (7b, 7c, 7f, 7g and 7k) of series 7 and compounds (EHT 3356 (9b) and 9c) of series 9 for which nanomolar IC50 values were observed. One product of series 9 (EHT 3356 (9b)) exhibited a subnanomolar affinity against DYRK1A (IC50 = 0.98 nM) and was in the single-digit nanomolar range against DYRK1B (IC50 = 2.83 nM).
Among the compounds tested, series 8 was really promising, showing inhibitory activities in the subnanomolar range for DYRK1A (0.22 nM < IC50 < 0.99 nM) and in the single-digit nanomolar and subnanomolar range for DYRK1B (0.28 nM < IC50 < 1.63 nM).
The five most active molecules (Scheme 8) prepared in this study were EHT 5372 (8c), EHT 1610 (8i), EHT 9851 (8k), EHT 3356 (9b) and EHT 6840 (8h) which possess a phenyl group in 9 N itself disubstituted in ortho and para by halogen atoms (Cl and F). An exception was made in the case of EHT 1610 (8i) in which a fluoride atom in ortho was accompanied by a methoxy group in para and in the case of EHT 3356 (9b) which only bears a methyl group in the para position.
We observed that the size and the position of the halogen atoms on the aniline in position 9 of the tricyclic skeleton seemed to have an important impact on the activity of the tested compounds. Considering the most active series 8, molecules possessing substituents in the meta position (compared to the 9 N nitrogen atom) showed lower affinity compared to their most active ortho and para disubstituted analogs.
Data given in Table 2 definitively confirmed that a methyl carbimidate substitutent in position 2 of the thiazole moiety of the molecules induced a high affinity for the DYRK1A/1B kinases. Given these findings, the second part of this exploratory work completes the observations published in the first study [9] . Looking at the results obtained for 7b (DYRK1A IC50 = 1.65 nM) and its ethyl (12a: DYRK1A IC50 = 6.02 nM), isopropyl (12b: DYRK1A IC50 = 124.7 nM) and benzyl (12c: DYRK1A IC50 = 33.93 nM) carbimidate analogs clearly demonstrated that more than one carbon-size substituent on the oxygen atom of the imidate function led to a progressive decrease of affinity. This evolution in the IC50 values seemed to be linked to the steric hindrance, whilst the isopropyl group (see 12b) was less active than the benzyl derivative (12c). The methyl carboxylate analog (see 13) of methyl carbimidate 7b was mostly inactive showing a dramatic decrease of its affinity for DYRK1A. This result needs to be confirmed but it seems to indicate that the imidate function was crucial for the inhibitory activity.
Scheme 8.
Structures and DYRK1A/1B IC50 values of the five lead compounds identified in this study (ClogP were calculated with Chemdraw V12.0).
Another interesting result arose from series 11a-c in which three compoundsbear a tertiary amine in postion 9 of the thiazoloquinazoline ring. N-Methylation of the nitrogen atom placed in the fourth position of the pyrimidine moiety induced a dramatic decrease in the affinity of the molecules obtained. This fact led us to believe that the presence of a secondary nitrogen atom in this position was crucial for the affinity of our molecules for the binding site of the enzyme.
Comparing the inhibitory potency of EHT 5372 (8c), EHT 1610 (8i), EHT 9851 (8k), EHT 3356 (9b) and EHT 6840 (8h) on DYRK1A/1B with that of some tool compounds currently described (harmine, TG003, NCGC-00189310 and leucettine L41), it can be easily observed that our five lead compounds were all much more potent on both kinases, in particular being more potent that NCGC-00189310 and leucettine L41, the two most active reference inhibitors tested in this screening campaign (Table 1) .
These impressive results confirm that the thiazolo[5,4-f]quinazoline scaffold has a great potential in the development of novel and highly potent dual inhibitors of DYRK1A and DYRK1B kinases that are involved in many neurodegenerative diseases (AD and other tauopathies), in genetic disease (DS), in oncology, and in diseases involving abnormal pre-mRNA splicing [27, 28] .
The kinase selectivity profile of EHT 5372 (8c) has been performed and a high degree of selectivity for DYRK1A/1B and over 339 kinases was observed [29] . These results will be further discussed together with the potential of EHT 5372 (8c) to inhibit in vitro DYRK1A-induced Tau phosphorylation, Aβ production and Aβ effects on phospho-Tau. These findings demonstrate that this class of compounds warrants further investigation as a novel, high-potential therapy for AD and other tauopathies [30] .
Recently a prominent tumor-promoting role for DYRK1A was demonstrated in acute megakaryoblastic leukemia in children with DS (DS-AMKL) [31] . The chromosome 21 kinase DYRK1A controls cell cycle exit and survival during lymphoid development and is a novel therapeutic target in acute lymphoblastic leukemia (ALL). Both B-and T-lineage ALL express high levels of DYRK1A relative to other tumor types. EHT 1610 (8i) has been shown to dose-dependently induce apoptosis in B-and T-ALL cell lines and primary human pediatric ALL samples. Moreover, EHT 1610 induced apoptosis of primary ALL cells that were resistant to cytarabine, suggesting that DYRK1A inhibitors may be used in combination with standard ALL therapies for refractory or relapsed cases. Together, this data establishes novel essential roles for DYRK1A in both normal and malignant lymphoid development and provide a rationale for the design of DYRK1A-targeted ALL therapies [32] .
Interestingly, DYRK1B (also called Mirk) is an attractive oncological target that is highly expressed when cancer cells are quiescent and expressed at very low levels in normal cells [33] . Pharmacological DYRK1B inhibition would reduce the ability of cells to enter into quiescence and sensitize cancer cells to conventional chemotherapeutic agents. The five DYRK1B lead compounds described in this work have been characterized in various in vitro cellular studies and EHT 5372 has showed promising activities in patient-derived ovarian cancer ascites spheroids and in vivo activities in a Panc1 xenograft model without detectable toxicity in mice [34] [35] [36] [37] . These results establish the usefulness of this class of inhibitors for targeting cancer cells with high DYRK1B kinase activity.
These multiple examples of biological activity in different therapeutic areas further highlighted the importance of the discovery of the presently described thiazolo[5,4-f]quinazoline lead DYRK1A/1B inhibitors and why their therapeutic potential warrants further investigation.
Experimental Section
General Information
All reactions were carried out under an inert atmosphere of argon or nitrogen and monitored by thin-layer chromatography with silica gel 60 F254 pre-coated aluminum plates (0.25 mm). Visualization was performed with a UV light at 254 and 312 nm. Purifications were carried out on an Armen Instrument Spot 2 Flash System equipped with a dual UV-Vis spectrophotometer (200-600 nm), a fraction collector (192 tubes), a dual piston pump (1 to 250 mL/min, Pmax = 50 bar/725 psi) allowing quaternary gradients and an additional inlet for air purge. Samples can be injected in liquid or solid phase. Purification was edited and monitored on an integrated panel PC with a touch screen controlled by Armen Glider Flash v3.1d software. Biotage SNAP flash chromatography cartridges (KP-Sil, normal phase, 10 to 340 g) were used for the purification process. Melting points of solid compounds were measured on a WME Köfler hot-stage with a precision of +/−2 °C and are uncorrected. IR spectra were recorded on a PerkinElmer Spectrum 100 Series FT-IR spectrometer. Liquids and solids were applied on the Single Reflection Attenuated Total Reflectance (ATR) Accessories. Absorption bands are given in cm C-NMR spectra were recorded on a Brucker DXP 300 spectrometer at 300 and 75 MHz respectively. Abbreviations used for peak multiplicities are s: singlet, d: doublet, t: triplet, q: quadruplet and m: multiplet. Coupling constants J are in Hz and chemical shifts are given in ppm and calibrated with DMSO-d6 or CDCl3 (residual solvent signals). Mass spectra analysis was performed by the Mass Spectrometry Laboratory of the University of Rouen. Mass spectra (EI) were recorded with a Waters LCP 1er XR spectrometer.
Dichloromethane was distilled from CaH2 under argon. NBS was recrystallized in water. Other reagents and solvents were used as provided by commercial suppliers.
Appel salt was prepared according to literature procedure [16] by the addition of chloroacetonitrile (1 eq) to a solution of sulfur dichloride (5 eq) in dichloromethane (50 mL). Adogen™ (3-4 drops) was then added and the reaction was placed in a bowl of cold water. The mixture was left for 18 h without stirring under CaCl2 tube protection: The dark olive green solid was removed from the walls of the flask, filtered off under a blanket of argon, washed abundantly with dichloromethane and dried under vacuum for 2-3 h (average yield: 85%): mp 172-174 °C (dec); IR (nujol) cm DYRK1A/1B reference compounds harmine and TG003 were purchased at Sigma-Aldrich. NCGC-00189310 and leucettine L41 were synthesized following the experimental procedures described in [24, 25] , respectively.
Microwave experiments were conducted at atmospheric pressure in a commercial microwave reactors especially designed for synthetic chemistry. Time indicated in the various protocols is the time measured when the mixtures reached the programmed temperature after a ramp period of 2 min. RotoSYNTH™ (Milestone S.r.l. Italy) is a multimode cavity with a microwave power delivery system ranging from 0 to 1200 W. Open vessel experiments were carried out in round bottom flasks (from 25 mL to 4 L) fitted with a reflux condenser. The temperature was monitored via a contact-less infrared pyrometer (IRT) and fiber-optic contact thermometer (FO). Temperature, pressure and power profiles were edited and monitored through the EASY-Control software provided by the manufacturer. (2) were prepared and characterized following the procedure described in Reference [9] .
Synthesis 6-Aminobenzo[d]thiazole-2,7-dicarbonitrile (1) and (E)-N'-(2,7-dicyanobenzo[d]thiazol-6-yl)-N,Ndimethylformimidamide
(E)-Methyl 7-cyano-6-([(dimethylamino)methylene]amino)benzo[d]thiazole-2-carbimidate (3)
. A stirred mixture of carbonitrile 2 (0.17 mmol) and NaOH (2.5N sol., 50 μL) in methanol (2.5 mL) was heated under microwaves (1200 W) at 80 °C for 45 min. The solvent was removed in vacuo and the crude residue purified by flash chromatography (DCM-EtOAc, 9:1) to afford the imidate 3 as a yellow solid (0.032 g, 66% yield); mp = 163-165 °C. [5,4- f]quinazoline-2-carbonitriles 4a-l, 5a-l and 6a-i
19 mmol) and the appropriate amine (0.29 mmol, 1.5 equiv) in acetic acid (2 mL) was heated under microwaves (600 W) at 118 °C. On completion (followed by TLC), the reaction was cooled to ambient temperature. The solvent was removed in vacuo and the crude residue was purified by flash chromatography to afford the expected compounds 4a-k, 5a-l and 6a-h. [5,4- f]quinazoline-2-carbonitrile (5f) and 9-(3-chloro-4-fluorophenylamino)thiazolo[5,4-f]quinazoline-2-carbonitrile (5g) were synthesized in Reference [9] . [5,4- [5,4- Methyl Imidates 7a-l, 8a-l and 9a-i General procedure: a stirred mixture of carbonitriles 4a-l, 5a-l and 6a-i (0.13 mmol) and NaOCH3 (0.5 M sol. in MeOH, 130 μL) in methanol (4 mL) was heated under microwaves at 65 °C (600W) for 30 min. The solvent was removed in vacuo and the crude residue purified by flash chromatography (DCM-EtOAc) to afford imidates 7a-l, 8a-l and 9a-i.
9-(4-Bromo-2-fluorophenylamino)thiazolo
9-(4-Chloro-2-fluorophenylamino)thiazolo[5,4-f]quinazoline-2-carbonitrile (5h). Prepared from
9-(2-Fluoro-4-methoxyphenylamino)thiazolo[5,4-f]quinazoline-2-carbonitrile (5i
9-(4-(Trifluoromethyl)phenylamino)thiazolo[5,4-f]quinazoline-2-carbonitrile (5l). Prepared from 2 and 4-aminobenzotrifluoride. Flash chromatography eluent (DCM-EtOAc
9-(p-Tolylamino)thiazolo[5,4-f]quinazoline-2-carbonitrile (6b
9-(4-tert-Butylbenzylamino)thiazolo[5,4-f]quinazoline-2-carbonitrile (6c
9-(4-Cyanophenylamino)thiazolo[5,4-f]quinazoline-2-carbonitrile (6e
9-(3-Cyanophenylamino)thiazolo[5,4-f]quinazoline-2-carbonitrile (6f). Prepared from
9-(1H-Benzo[d]imidazol-6-ylamino)thiazolo
9-[4-(Dimethylamino)phenylamino]thiazolo[5,4-f]quinazoline-2-carbonitrile (6h
9-[4-(Pyrrolidin-1-yl)phenylamino]thiazolo
Series 7a-l: Compounds Bearing 9
N-Phenyl Groups with Electron-Donating Substituents (e.g., OH, OR and Derivatives) [5,4-f] quinazoline-2-carbimidate (7b) were synthesized in Reference [9] . [5,4- [5,4- 2948, 1644, 1604, 1557, 1509, 1481, 1435, 1401, 1356, 1285, 1240, 1159, 1094, 1074 [5,4-f] quinazoline-2-carbimidate (8f) and methyl 9-(3-chloro-4-fluorophenylamino)thiazolo [5,4-f] quinazoline-2-carbimidate (8i) were synthesized in Reference [9] . [5,4- [5,4- [5,4- [5,4- [5,4- [5,4- 
Methyl 9-(4-methoxyphenylamino)thiazolo[5,4-f]quinazoline-2-carbimidate (7a) and methyl 9-(benzo[d][1,3]dioxol-5-ylamino)thiazolo
Methyl 9-(2,3-dihydrobenzo[b][1,4]dioxin-6-ylamino)thiazolo[5,4-f]quinazoline-2-carbimidate (7c). Prepared from carbonitrile 4c. Flash chromatography eluent (EtOAc
Methyl 9-(2,3-dihydrobenzofuran-5-ylamino)thiazolo
Methyl 9-(2,4-dimethoxyphenylamino)thiazolo
Methyl 9-(4-bromo-2-fluorophenylamino)thiazolo
Methyl 9-(4-chloro-2-fluorophenylamino)thiazolo
Methyl 9-(2,4-difluorophenylamino)thiazolo
Methyl 9-(4-(trifluoromethyl)phenylamino)thiazolo
Methyl 9-(p-tolylamino)thiazolo
Methyl 9-(3-cyanophenylamino)thiazolo
Methyl 9-(1H-benzo[d]imidazol-6-ylamino)thiazolo
N-Methylated-thiazolo[5,4-f]quinazoline-2-carbonitriles (10a-c)
Methyl iodide (0.90 mmol) was added dropwise to a stirred suspension of carbonitrile 4a, 4c and 4e (0.60 mmol) and sodium hydride (0.90 mmol, 60% dispersion in mineral oil) in dimethylformamide (4 mL). The mixture was stirred for 1 h at 0 °C and then for 2 h at room temperature. After cooling, the resulting mixture was concentrated under reduced pressure. The crude residue obtained was purified by flash chromatography (DCM-ethyl acetate, 1:9) to give 10a-c. [5,4- , 11b and 11c) A stirred mixture of carbonitrile 10a, 10b or 10c (0.13 mmol) and NaOCH3 (0.5 M sol. in MeOH, 130 μL) in methanol (4 mL) was irradiated under microwaves at 65 °C for 30 min. The solvent was removed in vacuo and the crude residue purified by flash chromatography to afford imidates 11a, 11b and 11c, respectively. [5,4- (2,3-dihydrobenzo[b] [1, 4] [1, 3] dioxol-5-ylamino)thiazolo [5,4-f] quinazoline-2-carbimidate (12b). A stirred mixture of carbonitrile 4b (0.078 g, 0.22 mmol) and KOH (2.5 N sol., 78 μL) in isopropanol (3.9 mL) was heated under microwaves (600 W) at 100 °C for 2 h. The solvent was removed in vacuo and the crude residue purified by flash chromatography (DCM-EtOAc, 5:5) to afford the isopropyl imidate 12b (0.024 g, 27%) as a yellow solid, mp = 224-226 °C. IR (cm 
9-[(4-Methoxyphenyl)(methyl)amino]thiazolo
Methyl 9-[(4-methoxyphenyl)(methyl)amino]thiazolo
Methyl 9-[
Isopropyl 9-(benzo[d]
In Vitro Kinase Preparation and Assays
The DYRK1A and DYRK1B kinase assays to determine IC50 values were performed by Reaction Biology Corporation using HotSpot technology [38] . Kinase reaction with specific kinase/substrate pair along with required cofactors was carried out in 20 mM Hepes pH 7.5, 10 mM MgCl2, 1 mM EGTA, 0.02% Brij35, 0.02 mg/mL BSA, 0.1 mM Na3VO4, 2 mM DTT, 1% DMSO. Purified recombinant kinase was incubated with serial 3-fold dilutions of test compounds starting at a final concentration of 10 μM. Reaction was initiated by addition of a mixture of ATP (Sigma, St. Louis, MO, USA) and 33 P ATP (Perkin Elmer, Waltham, MA, USA) to a final concentration of 10 µM and was carried out at room temperature for 120 min, followed by spotting of the reaction onto P81 ion exchange filter paper (Whatman Inc., Piscataway, NJ, USA). Unbound phosphate was removed by extensive washing of filters in 0.75% Phosphoric acid. After subtraction of background derived from control reactions containing inactive enzyme, kinase activity data was expressed as the percent of remaining kinase activity in test samples compared to vehicle (DMSO) reactions. Dose response curves were fitted using Prism 5.0 from Graph-Pad Software.
Conclusions
The convenient synthesis of a focused library (forty molecules) of novel 6,6,5-tricyclic thiazolo [5,4- f]quinazolines was realized under microwaves using Dimroth rearrangement for construction of the pyrimidine part. A novel 6-aminobenzo[d]thiazole-2,7-dicarbonitrile (1) was used as a very powerful molecular platform for the synthesis of various thiazolo [5,4- f]quinazoline derivatives. On chemical and practical aspects this article is a further example illustrating how microwave heating can be a very powerful tool for medicinal chemistry. The inhibitory potency of the final compounds was evaluated against a panel of two kinases (DYRK1A and DYRK1B). In our screening efforts to discover new scaffolds for the inhibition of DYRK1A, we identified a series of new thiazolo [5,4-f] quinazolines that were potent dual DYRK1A/1B inhibitors. Five lead compounds EHT 5372 (8c), EHT 1610 (8i), EHT 9851 (8k), EHT 3356 (9b) and EHT 6840 (8h) displayed single-digit nanomolar or subnanomolar DYRK1A/1B IC50 values and are among the most potent dual DYRK1A/1B inhibitors disclosed to date. Studies to rationalize the SAR observed and to identify the DYRK binding mode with these inhibitors were realized and will be reported in due course. Finally more about the biochemical and biological characterization in different therapeutic areas of these promising lead DYRK1A/1B inhibitors is also in progress and will be reported elsewhere.
